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Description 

This invention relates to luminescent materials, also called phosphors. More particularly, this inven- 
tion relates to luminescent alkaline earth metal silicates activated by trlvaient rare earth metal. Further- 
5 more the invention relates to low pressure mercury vapour discharge lamps provided with such a lumi- 
nescent silicate. 

In compact low pressure mercury vapour discharge lamps, such as folded fluorescent lamps, a blend 
of red and green luminescing phosphors activated by trivalent europium and trlvaient terbium respec- 
tively Is frequently used with the blue discharge of the radiation to provide the desired white light. In oth- 
10 er low pressure mercury vapour discharge lamps the blue radiation is provided by the use of a blue radi- 
ating phosphor. 

An example of a green luminescing terbium-activated phosphor which has been employed in such 
lamps is the calcium and magnesium silicate activated with terbium together with monovalent lithium as a 
charge compensator disclosed in McAllister, U.S. Patent 3,260,675. Another green luminescing phos- 

15 phor that has been employed in such lamps is the terbium-activated alkaline earth metal silicate phosphor 
of Suzuki et al, U.S. Patent 4,088,599. The alkaline earth metal moiety of this phosphor may be a mixture 
of magnesium and calcium. 

An example of a red luminescing phosphor that has been employed in such fluorescent lamps is the trl- 
vaient europium-activated yttrium oxide. 

20 Phosphors containing mixtures of europium and terbium as activators are known from McAllister, 
U.S. Patent 3,523,091. This patent shows lanthanum or yttrium or lanthanum and yttrium silicate phos- 
phors activated with a mixture of trivalent europium and trivalent terbium. This patent also teaches in col- 
umn 3, lines 1-18 that the atomic ratio of cations to silicon In the phosphor may be 2:1. This patent further 
shows in column 3 lines 22-25 that the phosphor may contain an alkaline earth metal in an amount such 

25 that the gram atom ratio of the alkaline earth metal to the yttrium or lanthanum is as high as 1/3. Additional- 
ly, this patent shows in Example 4 a yellow luminescing yttrium silicate phosphor activated by a mixture of 
trivalent terbium and trivalent europium. 

Another patent showing a phosphor activated with both europium and terbium is U.K. Patent 1 ,1 12,277. 
This patent shows an aluminium silicate phosphor activated with a mixture of trivalent terbium and euro- 

30 plum, mostly in the bivalent state. 

A problem that arises when using a blend of two (red and green) luminescing phosphors is that uneven 
distribution of these phosphors frequently occurs, which results in colour differences along the lamp 
and possibly in a loss of lamp efficiency. 

Besides the need to eliminate the foregoing problem, it Is also highly desirable to reduce the amount of 
35 terbium required as this material is very expensive and, although used in very small amounts, has a large 
bearing on the production cost of the final phosphor. 

SUMMARY OF THE INVENTION 

40 It Is an object of this invention to produce an alkaline earth metal silicate phosphor which eliminates the 
need for blending separate red luminescing and green luminescing phosphors. 

An additional object of this invention is to provide teri3ium-activated phosphors in which there is a de- 
crease in the amount of terbium needed for activation. 
These and other objects of the invention will be apparent from the description that follows. 
45 According to the invention a luminescent alkaline earth metal silicate activated by trivalent rare earth 
metal together with monovalent lithium as a charge compensator, is characterized In that said silicate is 
activated by trivalent europium and trivalent terbium, and has a composition accordingy to the formula 

50 (Mgi.3,Cajj)pSi04: E^y , Tb^^ , Liy^ 

wherein: 

55 0 £ X £0.9 

0.001 y £0.20 
0,01 £ z £0.32 and 
1.9£p + 2y + 2z£2.1 

60 The phosphors of the invention have the orthorhombic crystal structure. Upon excitation by ultravio- 
let radiation such as produced in a low pressure mercury vapour discharge lamp the phosphors of the in- 
vention produce green to red radiation depending on the relative concentration of the terbium and the 
europium activators present. By a proper balance of the terbium and europium concentrations a yellow 
light Is produced which together with the blue light from the vapour discharge or by the addition of a blue 

65 luminescing phosphor results in the production of a desired white light. The phosphors of the invention 
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are Eu+3 and Tb+3 activated magnesium silicates whierein magnesium is replaceable by calcium in an 
amount up to 90 mol%. In these phosphors the molar ratio of the cations to silicon is from 1.9 to 2.1, and 
preferably 2. The addition of calcium together with the maintenance of the cation to silicon ratio of about 
2:1 allows reduction in the amount of terbium required and results in a brightness increase. 

5 Replacement of more than 90% of Mg by Ca is not used because at such a high Ca contents a de- 
crease in brightness is obtained. Eu content y and Tb content z are chosen to be at least 0.001 and 0.01 
respectively, because at lower values the luminous flux obtained Is too low as a result of the absorption 
of excitation energy being too small. Eu contents y and Tb contents z above 0.20 and 0.32 respectively 
are not used because too low luminous luxes are obtained due to concentration quenching. Monovalent 

10 Li is used for charge compensation of the trivalent Eu and ttivalent Tb and is present in equimolar 
amount with respect to Eu and Tb. 

It should be noted that while the previously discussed McAllister U.S. Patent 3,523,091 shows a sili- 
cate activated with a mixture of terbium and europium the host of this patent differs significantly from 
that of the instant phosphor. Thus, in this previous patent the host is not a magnesium silicate, a part of 

15 which may be substituted by calcium, but consists of an entirely different type of material, a trivalent lan- 
thanum, yttrium or mixed lanthanum and yttrium silicate only a third of which may be an alkaline earth metal 
silicate. These hosts differ from each other both chemically and in their chrystal structures to such an 
extent that one is not suggestive of the other. Further, the phosphor of the instant invention is much 
less expensive than that of the phosphor of this McAllister patent due in large extent to the fact that the 

20 host of the phosphor of the McAllister patent contains expensive yttrium or lanthanum while the host of 
the phosphor of the invention contains very much less expensive alkaline earth metals. Additionally, the 
light produced by the phosphor of the instant invention is significantly higher than that produced in the 
phosphor of this McAllister patent. 

^ BRIEF DESCRIPTION OF THE DRAWING 

in the drawing. Fig. 1 shows the spectral energy distribution of the emission of mixed trivalent euro- 
pium and trivalent terbium activated phosphors of the invention. 

Rg. 2 is a diagramatic longitudinal section of a low-pressure mercury vapour discharge lamp provided 
with a phosphor of the Invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 The phosphors of the invention may readily be prepared by firing a mixture of oxides of the cations or 
of compounds decomposable to oxides under the firing conditions, such as carbonates, together with sil- 
icic acid. 

For the source of magnesium basic magnesium carbonate is preferred as it is found that with the use 
of this carbonate a lower firing temperature is required and the resultant phosphor exhibits an improved 
40 brightness. A slight excess of one ore more of the reactants, for example up to 5 mol% of silicic acid, 
may be used in order to enhance the formation reaction. 

The mixture of the reactants if fired in a neutral atmosphere, preferably nitrogen, a firing temperature 
range of 10001300°C being preferred. 

While firing may take place in one step it has been found that more uniform results may be achieved by 
45 firing the mixture in two steps ans grinding the mixture after the first firing step. 

In general, the total firing time is about 1 to 3 hours, particularly good results being achieved with a fir- 
ing time of two hours. 

EXAMPLE 1 

50 

1.30 moles basic magnesium carbonate (BMC), 0.52 moles calcium carbonate, 1.01 moles silicic acid, 
0.02 moles terbium oxide (tb407), 0.005 moles europium oxide (EuzOa) and 0.045 moles lithium carbonate 
were ground together. The resultant mixture was then placed in a platinum container and fired for one 
hour at a temperature of about 1200''C in a nitrogen atmosphere. After an hour, the fired material was re- 
°* ground and firing was continued for an additional hour under the same conditions. 

The resultant phosphor, Mg1.30Cao.52 Si04:Tbo.oBEuo.oiUo.o9, has an orthorhombic crystal structure 
and shows a green-yellow emission upon 254 nm excitation. 

By a procedure similar to that employed in Example 1 phosphors described in the following examples 
were prepared: 



Mgi.58Si04:Tbo.2oEuo.oiLio.2i was prepared starting from a mixture of 1.58 moles BMC, 1.01 moles sil- 
icic acid, 0.05 moles Tb^O?, 0.105 moles Li2G03 and 0.005 moles EU2O3. 
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EXAMPLES 

Mgo.9BCao.6oSi04:Tbo.2oEuo.oiLio.2i was prepared starting from a mixture of 0.98 moles BMC, 1.01 
moles silicic acid, 0.6 moles CaCOa, 0.05 moles IbiOj, 0.105 moles UaCOs and 0.005 moles Eu203. 

5 The emission spectra upon excitation by 254 nm radiation of the silicates of Examples 2 and 3 are pre- 
sented in Figure 1 (curves 2 and 3 respectively), emission colours being green and yellow respectively. 
In this Figure 1 the wave-length in nm is plotted on the abscissa and the emitted radiation energy E (in ar- 
bitrary units) is plotted on the ordinate. The emission spectra of two additional examples of the phos- 
phors of the invention containing Ca/Mg atomic ratios of 0.3:1.28 and 0.8:0.78 (Mgi.2sCao.3oSi04: 

■•0 Tbo.2oEuo.oiLio.2i and Mgo.78Cao.8oSi04:Tbo.2oEuo.oiLio2i) are also presented in Figure 1 (curves 4 and 
5, respectiveley). 

A longitudinal sectional view of a low pressure mercury vapour discharge lamp employing a phosphor 
of the invention is shown in Fig. 2. 

As shown in this figure, the lamp comprises a glass envelope 11, in which there is present a rare gas 
■•5 and about 40 mg of mercury. Electrodes 13 and 14 for maintaining the discharge are disposed at each 
end of the envelope 11. 

At least a portion of the inner surface of the envelope 11 is coated with a luminescent layer 15 compris- 
ing a luminescent silicate of the invention. 

The luminescent layer 15 Is formed on the envelope 1 1 by a method conventional in the art. 
20 The luminescent phosphors of the invention besides being of use in low pressure mercury discharge 
lamps may also be employed in high pressure mercury dicharge lamps, cathode-ray tubes. X-ray display 
devices and in other display devices. 

It will be apparent that various modifications may be made to present invention without departing from 
the scope therof as defined by the following claims. 



Claims 

1. A luminescent alkaline earth metal silicate activated by trivalent rare earth metal together with mono- 
30 valent lithium as a charge compensator, characterized in that said silicate is activated by trivalent euro- 
pium and trivalent terbium, and has a composition according to the formula: 

^ (Hgi.^Ca^)pSi04: El^^ Tb,*? Liy^' 

wherein: 

0 £ X £ 0.9, 
40 0.001 £ y £0.20, 
0.01 £ z £0.32 and 
1.9sp + 2y + 2zs2.1 

2. A luminescent alkanine earth metal silicate according to dalm 1 , characterized in that p+2y+2z=1 . 

45 3. A low pressure mercury vapour discharge lamp provided with a luminescent alkaline earth metal sili- 
cate as claimed in claim 1 or 2. 



PatentansprQche 

^ 1. Leuchtendes EFdalkalimetallsilikat, das mit dreiwertigem Seltenerdmetall in Verbindung mit einwerti- 
gem Lithium als Ladungsausgleich aktiviert ist, dadurch gekennzeichnet, daB das Silikat mit dreiwertigem 
Europium und dreiwertigem Terbium aktiviert wird und eine Zusammensetzung nach folgender Formel hat: 

55 (Mgi.3,Ca^)pSi04: Eu«, Tbj3, Liy+J, 



worin 

60 0 ^ X < 0,9, 

0,001 s y s 0,20, 
0,01 iz<, 0,32 und 
1,9sp + 2y + 2zs2,1 

65 2. Leuchtendes EnJalkalimetallsilikat nach Anspmch 1 , dadurch gekennzeichnet, daB p+2y+2z = 1 . 
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) mit einem leuchtenden Erdalkalimetallsilikat nach 



Anspruch 1 oder 2. 
Revendications 

1. Silicate de m6tai alcalino-terreux luminescent active par du metal des ten-es rares trivalent ensem- 
ble avec du lithium monovalent comme compensateur de charge, caracterisS en ce que iedit silicate est 
activd par de reuroplum trivalent et du terbium trivalent et prSsente une composition rdpondant k la for- 
mula 



„3+ 



15 dans laqueile 



02X^0,9 
0,001^/^0,20 
0,01 £Z£0,32et 
1,9sp + 2y + 2zs2,1 

2. Silicate de m§tal alcalino-terreux luminescent selon la revendlcation 1, caractSris^ en ce que p + 2y 
+ 2z = 1. 

3. Lampe k dicharge dans la vapeur de mercure k basse pression munie d'un silicate de metal alcalino- 
terreux luminescent selon I'une des revendications 1 ou 2. 
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